The Role of BCG Vaccine in the Prevention and Control of Tuberculosis in the United States

A Joint Statement by the Advisory Council for the Elimination of Tuberculosis and the Advisory Committee on Immunization Practices Summary
This report updates and replaces previous recommendations regarding the use of Bacillus of Calmette and Guérin (BCG) vaccine for controlling tuberculosis (TB) in the United States (MMWR 1988; 37:663-4, 669-75) . Since the previous recommendations were published, the number of TB cases have increased among adults and children, and outbreaks of multidrug-resistant TB have occurred in institutions. In addition, new information about the protective efficacy of BCG has become available. For example, two meta-analyses of the published results of BCG vaccine clinical trials and case-control studies confirmed that the protective efficacy of BCG for preventing serious forms of TB in children is high (i.e., >80%). These analyses, however, did not clarify the protective efficacy of BCG for preventing pulmonary TB in adolescents and adults; this protective efficacy is variable and equivocal. The concern of the public health community about the resurgence and changing nature of TB in the United States prompted a re-evaluation of the role of BCG vaccination in the prevention and control of TB. This updated report is being issued by CDC, the Advisory Committee for the Elimination of Tuberculosis, and the Advisory Committee on Immunization Practices, in consultation with the Hospital Infection Control Practices Advisory Committee, to summarize current considerations and recommendations regarding the use of BCG vaccine in the United States.
In the United States, the prevalence of M. tuberculosis infection and active TB disease varies for different segments of the population; however, the risk for M. tuberculosis infection in the overall population is low. The primary strategy for preventing and controlling TB in the United States is to minimize the risk for transmission by the early identification and treatment of patients who have active infectious TB. The second most important strategy is the identification of persons who have latent M. tuberculosis infection and, if indicated, the use of preventive therapy with isoniazid to prevent the latent infection from progressing to active TB disease. Rifampin is used for preventive therapy for persons who are infected with isoniazid-resistant strains of M. tuberculosis. The use of BCG vaccine has been limited because a) its effectiveness in preventing infectious forms of TB is uncertain and b) the reactivity to tuberculin that occurs after vaccination interferes with the management of persons who are possibly infected with M. tuberculosis.
In the United States, the use of BCG vaccination as a TB prevention strategy is reserved for selected persons who meet specific criteria. BCG vaccination should be considered for infants and children who reside in settings in which the likelihood of M. tuberculosis transmission and subsequent infection is high, provided no other measures can be implemented (e.g., removing the child from the source of infection). In addition, BCG vaccination may be considered for health-care workers (HCWs) who are employed in settings in which the likelihood of transmission and subsequent infection with M. tuberculosis strains resistant to isoniazid and rifampin is high, provided comprehensive TB infectioncontrol precautions have been implemented in the workplace and have not been successful. BCG vaccination is not recommended for children and adults who are infected with human immunodeficiency virus because of the potential adverse reactions associated with the use of the vaccine in these persons.
In the United States, the use of BCG vaccination is rarely indicated. BCG vaccination is not recommended for inclusion in immunization or TB control programs, and it is not recommended for most HCWs. Physicians considering the use of BCG vaccine for their patients are encouraged to consult the TB control programs in their area.
INTRODUCTION
Because the overall risk for acquiring Mycobacterium tuberculosis infection is low for the total U.S. population, a national policy is not indicated for vaccination with Bacillus of Calmette and Guérin (BCG) vaccine. Instead, tuberculosis (TB) prevention and control efforts in the United States are focused on a) interrupting transmission from patients who have active infectious TB and b) skin testing children and adults who are at high risk for TB and, if indicated, administering preventive therapy to those persons who have positive tuberculin skin-test results. The preferred method of skin testing is the Mantoux tuberculin skin test using 0.1 mL of 5 tuberculin units (TU) of purified protein derivative (PPD) (1 ) .
BCG vaccination contributes to the prevention and control of TB in limited situations when other strategies are inadequate. The severity of active TB disease during childhood warrants special efforts to protect children, particularly those <5 years of age. In addition, TB is recognized as an occupational hazard for health-care workers (HCWs) in certain settings. In 1988, the Immunization Practices Advisory Committee and the Advisory Committee for Elimination of Tuberculosis published a joint statement on the use of BCG vaccine for the control of TB (2 ) . Based on available information concerning the effectiveness of BCG vaccine for preventing serious forms of TB in children, this statement recommended BCG vaccination of children who are not infected with M. tuberculosis but are at high risk for infection and for whom other public health measures cannot be implemented. The statement recommended against BCG vaccination for HCWs at risk for occupationally acquired M. tuberculosis infection because a) BCG vaccination interferes with the identification of HCWs who have latent M. tuberculosis infection and the implementation of preventive-therapy programs in health-care facilities and b) the protective efficacy of BCG for pulmonary TB in adults is uncertain.
From 1985 through 1992, a resurgence in the incidence of TB occurred in the United States and included increases in the number of TB cases among adults and children and outbreaks of multidrug-resistant TB (MDR-TB) involving patients, HCWs, and correctional-facility employees. In addition, meta-analyses have been conducted recently using previously published data from clinical trials and case-control studies of BCG vaccination. These developments have prompted a re-evaluation of the role of BCG vaccination in the prevention and control of TB in the United States. CDC, the Advisory Council for the Elimination of Tuberculosis (ACET), and the Advisory Committee on Immunization Practices (ACIP), in consultation with the Hospital Infection Control Practices Advisory Committee, are issuing the following report to summarize current considerations and recommendations regarding the use of BCG vaccine in the United States.
BACKGROUND
Transmission and Pathogenesis of M. tuberculosis
Most persons infected with M. tuberculosis have latent infection. Among immunocompetent adults who have latent M. tuberculosis infection, active TB disease will develop in 5%-15% during their lifetimes (3) (4) (5) . The likelihood that latent infection will progress to active TB disease in infants and children is substantially greater than for most other age groups (6 ) . Active TB disease can be severe in young children. Without appropriate therapy, infants <2 years of age are at particularly high risk for developing life-threatening tuberculous meningitis or miliary TB (7 ).
The greatest known risk factor that increases the likelihood that a person infected with M. tuberculosis will develop active TB disease is immunodeficiency, especially that caused by coinfection with human immunodeficiency virus (HIV) (8) (9) (10) . Other immunocompromising conditions (e.g., diabetes mellitus, renal failure, and treatment with immunosuppressive medications) also increase the risk for progression to active TB disease, but the risk is not as high as the risk attributed to HIV infection (8, 11 ) . In addition, recency of infection with M. tuberculosis contributes to the risk for developing active TB disease. Among immunocompetent persons, the risk for active TB disease is greatest during the first 2 years after infection occurs; after this time period, the risk declines markedly (8 ) . However, the risk for active TB disease among HIVinfected persons, who have a progressive decline in immunity, may remain high for an indefinite period of time or may even increase as the immunosuppression progresses. Furthermore, persons who have impaired immunity are more likely than immunocompetent persons to have a weakened response to the tuberculin skin test; this weakened response makes both the identification of persons who have latent M. tuberculosis infection and the decisions regarding whether to initiate TB preventive therapy more difficult.
Epidemiology of TB in the United States
From 1953, when national surveillance for TB began, through 1984, TB incidence rates in the United States declined approximately 6% per year. However, during 1985, the morbidity rate for TB decreased by only 1.1%, and during 1986, it increased by 1.1% over the 1985 rate (12 ) . This upward trend continued through 1992, when the incidence was 10.5 cases per 100,000 population. For 1993, the reported incidence of TB was 9.8 cases per 100,000 population, representing a 5.2% decrease from 1992; however, this decline was still 14% greater than the 1985 rate (13 ) . For 1994, the number of cases decreased 3.7% from 1993, but this number still represented a 9.7% increase over the rate for 1985 (14 ) .
In general, active TB disease is fatal for as many as 50% of persons who have not been treated (15 ) . Anti-TB therapy has helped to reduce the number of deaths caused by TB; since 1953, the TB fatality rate has declined by 94%. According to 1993 provisional data for the United States, 1,670 deaths were attributed to TB, representing a mortality rate of 0.6 deaths per 100,000 population. The mortality rate for 1953 was 12.4 deaths per 100,000 population (16 ) .
The prevalence of M. tuberculosis infection and active TB disease varies for different segments of the U.S. population. For example, during 1994, 57% of the total number of TB cases were reported by five states (i.e., California, Florida, Illinois, New York, and Texas), and overall incidence rates were twice as high for men as for women (16 ) . For children, disease rates were highest among children ages ≤4 years, were low among children ages 5-12 years, and, beginning in the early teenage years, increased sharply with age for both sexes and all races. Cases of TB among children <15 years of age accounted for 7% of all TB cases reported for 1994.
During the 1950s, TB was identified as an occupational hazard for HCWs in certain settings (17 ) . In the United States, the risk for acquiring M. tuberculosis infection diminished for most HCWs as the disease became less prevalent; however, the risk is still high for HCWs who work in settings in which the incidence of TB among patients is high. The precise risk for TB among HCWs in the United States cannot be determined because tuberculin skin-test conversions and active TB disease among HCWs are not systematically reported. However, recent outbreaks of TB in health-care settings indicate a substantial risk for TB among HCWs in some geographic areas.
Since 1990, CDC has provided epidemiologic assistance during investigations of several MDR-TB outbreaks that occurred in institutional settings. These outbreaks involved a total of approximately 300 cases of MDR-TB and included transmission of M. tuberculosis to patients, HCWs, and correctional-facility inmates and employees in Florida, New Jersey, and New York (18) (19) (20) (21) (22) (23) . These outbreaks were characterized by the transmission of M. tuberculosis strains resistant to isoniazid and, in most cases, rifampin; several strains also were resistant to other drugs (e.g., ethambutol, streptomycin, ethionamide, kanamycin, and rifabutin). In addition, most of the initial cases of MDR-TB identified in these outbreaks occurred among HIV-infected persons, for whom the diagnosis of TB was difficult or delayed. The fatality rate among persons who had active MDR-TB was >70% in most of the outbreaks.
TB Prevention and Control in the United States
The fundamental strategies for the prevention and control of TB include:
• Early detection and treatment of patients who have active TB disease. The most important strategy for minimizing the risk for M. tuberculosis transmission is the early detection and effective treatment of persons who have infectious TB (24 ).
• Preventive therapy for infected persons. Identifying and treating persons who are infected with M. tuberculosis can prevent the progression of latent infection to active infectious disease (25 ) .
• Prevention of institutional transmission. The transmission of M. tuberculosis is a recognized risk in health-care settings and is a particular concern in settings where HIV-infected persons work, volunteer, visit, or receive care (26 ) . Effective TB infection-control programs should be implemented in health-care facilities and other institutional settings (e.g., homeless shelters and correctional facilities) (27, 28 ) .
BCG vaccination is not recommended as a routine strategy for TB control in the United States (see Recommendations). The following sections discuss BCG vaccines, the protective efficacy and side effects associated with BCG vaccination, considerations and recommendations for the use of BCG vaccine in selected persons, and implementation and surveillance of BCG vaccination.
BCG VACCINES
BCG vaccines are live vaccines derived from a strain of Mycobacterium bovis that was attenuated by Calmette and Guérin at the Pasteur Institute in Lille, France (29 ) . BCG was first administered to humans in 1921. Many different BCG vaccines are available worldwide. Although all currently used vaccines were derived from the original M. bovis strain, they differ in their characteristics when grown in culture and in their ability to induce an immune response to tuberculin. These variations may be caused by genetic changes that occurred in the bacterial strains during the passage of time and by differences in production techniques. The vaccine currently available for immunization in the United States, the Tice strain, was developed at the University of Illinois (Chicago, Illinois) from a strain originated at the Pasteur Institute. The Food and Drug Administration is considering another vaccine, which is produced by Connaught Laboratories, Inc., for licensure in the United States. This vaccine was transferred from a strain that was maintained at the University of Montreal (Montreal, Canada).
Vaccine Efficacy
Reported rates of the protective efficacy of BCG vaccines might have been affected by the methods and routes of vaccine administration and by the environments and characteristics of the populations in which BCG vaccines have been studied. Different preparations of liquid BCG were used in controlled prospective community trials conducted before 1955; the results of these trials indicated that estimated rates of protective efficacy ranged from 56% to 80% (30 ) . In 1947 and 1950, two controlled trials that used the Tice vaccine demonstrated rates of protective efficacy ranging from zero to 75% (31, 32 ) . Since 1975, case-control studies using different BCG strains indicated that vaccine efficacies ranged from zero to 80% (33 ) . In young children, the estimated protective efficacy rates of the vaccine have ranged from 52% to 100% for prevention of tuberculous meningitis and miliary TB and from 2% to 80% for prevention of pulmonary TB (34) (35) (36) (37) (38) (39) . Most vaccine studies have been restricted to newborns and young children; few studies have assessed vaccine efficacy in persons who received initial vaccination as adults. The largest community-based controlled trial of BCG vaccination was conducted from 1968 to 1971 in southern India. Although two different vaccine strains that were considered the most potent available were used in this study, no protective efficacy in either adults or children was demonstrated 5 years
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after vaccination. These vaccine recipients were re-evaluated 15 years after BCG vaccination, at which time the protective efficacy in persons who had been vaccinated as children was 17%; no protective effect was demonstrated in persons who had been vaccinated as adolescents or adults (39 ) . The renewed interest in examining the indications for BCG vaccination in the United States included consideration of the wide range of vaccine efficacies determined by clinical trials and estimated in case-control studies. Two recent metaanalyses of the published literature concerning the efficacy of BCG vaccination for preventing TB attempted to calculate summary estimates of the vaccine's protective efficacy. The first of these meta-analyses included data from 10 randomized clinical trials and eight case-control studies published since 1950 (40 ) . The results of this analysis indicated an 86% protective effect of BCG against meningeal and miliary TB in children in clinical trials (95% confidence interval [CI]=65%-95%) and a 75% protective effect in case-control studies (95% CI=61%-84%). The meta-analyst conducting this study determined that the variability in the rates of protective efficacy of BCG against pulmonary TB differed significantly enough between these 18 studies to preclude the estimation of a summary protective efficacy rate.
The second meta-analysis reviewed the results of 14 clinical trials and 12 casecontrol studies (41 ) . The meta-analysts used a random-effects regression model to explore the sources of the heterogeneity in the efficacy of the BCG vaccine reported in the individual studies. Using a model that included the geographic latitude of the study site and the data validity score as covariates, they estimated the overall protective effect of BCG vaccine to be 51% in the clinical trials (95% CI=30%-66%) and 50% in the case-control studies (95% CI=36%-61%). The scarcity of available data concerning the protective efficacy afforded by both BCG vaccination of adults and the type of vaccine strain administered precluded the inclusion of these factors as covariates in the random-effects regression model. However, these researchers determined that vaccine efficacy rates were higher in studies conducted of populations in which persons were vaccinated during childhood compared with populations in which persons were vaccinated at older ages. Furthermore, they determined that higher BCG vaccine efficacy rates were not associated with the use of particular vaccine strains.
Eight studies of the efficacy of BCG vaccination in HCWs also were reviewed by the investigators conducting the second meta-analysis. In these eight studies, which were conducted during the 1940s and 1950s, the meta-analysts identified the following methodologic problems: small study population sizes; inadequate data defining the susceptibility status of study populations; uncertain comparability of control populations; incomplete assessment of ongoing exposure to contagious TB patients; inadequate follow-up of study populations; lack of rigorous case definitions; and differences in either BCG dose, vaccine strain, or method of vaccine administration. These methodologic weaknesses and the heterogeneity of the results were sufficiently substantial to preclude analysis of the data for the use of BCG vaccine in HCWs.
In summary, the recently conducted meta-analyses of BCG protective efficacy have confirmed that the vaccine efficacy for preventing serious forms of TB in children is high (i.e., >80%). These analyses, however, were not useful in clarifying the variable information concerning the vaccine's efficacy for preventing pulmonary TB in adolescents and adults. These studies also were not useful in determining a) the efficacy of BCG vaccine in HCWs or b) the effects on efficacy of the vaccine strain administered and the vaccinee's age at the time of vaccination. The protective efficacy of BCG vaccine in children and adults who are infected with HIV also has not been determined.
Vaccine Safety
Although BCG vaccination often results in local adverse effects, serious or longterm complications are rare (Table 1) (42 ) . BCG vaccinations are usually administered by the intradermal method, and reactions that can be expected after vaccination include moderate axillary or cervical lymphadenopathy and induration and subsequent pustule formation at the injection site; these reactions can persist for as long as 3 months after vaccination. BCG vaccination often results in permanent scarring at the injection site. More severe local reactions include ulceration at the vaccination site, regional suppurative lymphadenitis with draining sinuses, and caseous lesions or purulent drainage at the puncture site; these manifestations might occur within the 5 months after vaccination and could persist for several weeks (43 ) . Higher rates of local reactions may result from using subcutaneous injection in comparison with reactions from intradermal injection. In the United States, a recent study of the effects of BCG in adults who volunteered to receive the vaccine indicated that local reactions after BCG vaccination (e.g., muscular soreness, erythema, and purulent drainage) often occurred at the site of subcutaneous injection (44 ) .
Controlled studies have not been conducted to examine the treatment of regional lymphadenitis after BCG vaccination. The recommendations for management of BCG adenitis are variable (i.e., the recommended management ranges from no treatment to treatments such as surgical drainage, administration of anti-TB drugs, or a combination of drugs and surgery) (43 ) . For adherent or fistulated lymph nodes, the World Health Organization (WHO) suggests drainage and direct instillation of an anti-TB drug into the lesion. Nonadherent lesions will heal spontaneously without treatment (45 ) .
The most serious complication of BCG vaccination is disseminated BCG infection. BCG osteitis affecting the epiphyses of the long bones, particularly the epiphyses of the leg, can occur from 4 months to 2 years after vaccination. The risk for developing osteitis after BCG vaccination varies by country; in one review, this risk ranged from 0.01 cases per million vaccinees in Japan to 32.5 and 43.4 cases per million vaccinees in Sweden and Finland, respectively (46 ). Regional increases in the incidence of BCG osteitis have been noted following changes in either the vaccine strain or the method 
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of production (42 ) . The skeletal lesions can be treated effectively with anti-TB medications, although surgery also has been necessary in some cases. Case reports of other severe adverse reactions in adults have included erythema multiforme, pulmonary TB, and meningitis (47) (48) (49) . Fatal disseminated BCG disease has occurred at a rate of 0.06-1.56 cases per million doses of vaccine administered (Table 1) ; these deaths occurred primarily among immunocompromised persons. Anti-TB therapy is recommended for treatment of disseminated BCG infection; however, because all BCG strains are resistant to pyrazinamide, this antibiotic should not be used (50 ) . The safety of BCG vaccination in HIV-infected adults has not been determined by controlled or large studies. This is a concern because of the association between disseminated BCG infection and underlying immunosuppression. Disseminated BCG disease after vaccination has occurred in at least one child and one adult who were infected with HIV (51, 52 ) . Persons who are infected with HIV are possibly at greater risk for lymphadenitis and other complications from BCG vaccine than are persons who are not infected with HIV (53 ) . The administration of a larger-than-recommended dose of BCG vaccine was associated with increased rates of local reactions in infants born to HIV-seropositive women in Haiti; however, no adverse reactions occurred when the standard dose was administered (54 ). The results of similar studies in Zaire and the Congo did not demonstrate an association between HIV seropositivity and adverse responses to BCG vaccination (55, 56 ) . WHO currently recommends BCG vaccination for asymptomatic HIV-infected children who are at high risk for infection with M. tuberculosis (i.e., in countries in which the prevalence of TB is high). WHO does not recommend BCG vaccination for children who have symptomatic HIV infection or for persons known or suspected to be infected with HIV if they are at minimal risk for infection with M. tuberculosis (57 ) .
In summary, millions of persons worldwide have been vaccinated with BCG vaccine, and serious or long-term complications after vaccination were infrequent. Possible factors affecting the rate of adverse reactions include the BCG dose, vaccine strain, and method of vaccine administration. Case reports have indicated that BCGrelated lymphadenitis, local ulceration, and disseminated BCG disease-which can occur several years after BCG vaccination-may be more frequent among persons who have symptomatic HIV infection than among persons who are not infected with HIV or who have asymptomatic HIV infection (52, (58) (59) (60) (61) (62) (63) (64) .
Tuberculin Skin Testing and Interpretation of Results After BCG Vaccination
Postvaccination BCG-induced tuberculin reactivity ranges from no induration to an induration of 19 mm at the skin-test site (65) (66) (67) (68) (69) (70) (71) (72) (73) (74) . Tuberculin reactivity caused by BCG vaccination wanes with the passage of time and is unlikely to persist >10 years after vaccination in the absence of M. tuberculosis exposure and infection. BCG-induced reactivity that has weakened might be boosted by administering a tuberculin skin test 1 week to 1 year after the initial postvaccination skin test; ongoing periodic skin testing also might prolong reactivity to tuberculin in vaccinated persons (70, 72 ) .
The presence or size of a postvaccination tuberculin skin-test reaction does not predict whether BCG will provide any protection against TB disease (75, 76 ) . Furthermore, the size of a tuberculin skin-test reaction in a BCG-vaccinated person is not a factor in determining whether the reaction is caused by M. tuberculosis infection or the prior BCG vaccination (77 ) . The results of a community-based survey in Quebec, Canada, indicated that the prevalence of tuberculin reactions of ≥10 mm induration in adolescents and young adults was similar among those persons vaccinated during infancy and those never vaccinated. Although the prevalence of skin-test results of ≥10 mm induration was significantly higher among those persons vaccinated after infancy than among those never vaccinated, the size of the reaction did not distinguish between reactions possibly caused by BCG vaccination and those possibly caused by M. tuberculosis infection (78 ) . The results of a different study indicated that if a BCG-vaccinated person has a tuberculin skin test after exposure to M. tuberculosis and this test produces a reaction >15 mm larger in induration than that of a skin test conducted before the exposure, the increase in size between the two tests is probably associated with newly acquired M. tuberculosis infection (68 ) .
Tuberculin skin testing is not contraindicated for persons who have been vaccinated with BCG, and the skin-test results of such persons are used to support or exclude the diagnosis of M. tuberculosis infection. A diagnosis of M. tuberculosis infection and the use of preventive therapy should be considered for any BCGvaccinated person who has a tuberculin skin-test reaction of ≥10 mm of induration, especially if any of the following circumstances are present: a) the vaccinated person is a contact of another person who has infectious TB, particularly if the infectious person has transmitted M. tuberculosis to others; b) the vaccinated person was born or has resided in a country in which the prevalence of TB is high; or c) the vaccinated person is exposed continually to populations in which the prevalence of TB is high (e.g., some HCWs, employees and volunteers at homeless shelters, and workers at drug-treatment centers).
TB preventive therapy should be considered for BCG-vaccinated persons who are infected with HIV and who are at risk for M. tuberculosis infection if they have a tuberculin skin-test reaction of ≥5 mm induration or if they are nonreactive to tuberculin. Responsiveness to tuberculin or other delayed-type hypersensitivity (DTH) antigens may be decreased in persons infected with HIV; this anergy (i.e., the inability to react to DTH antigens) could occur before the onset of signs and symptoms of HIV infection (79 ) . The possibility of anergy in BCG-vaccinated persons who are infected with HIV is supported by the results of studies in Rwanda, where all children are vaccinated with BCG; these studies demonstrated decreased tuberculin skin-test responses after BCG vaccination of HIV-infected children in comparison with uninfected children (80 ) . In addition, among BCG-vaccinated women in Uganda, those who were infected with HIV were more likely than women in an HIV-seronegative control group to be nonreactive to tuberculin (81 ) . A diagnosis of active TB disease should be considered for BCG-vaccinated persons-regardless of their tuberculin skin-test results or HIV serostatus-if they have symptoms suggestive of TB, especially if they have been exposed recently to infectious TB.
RECOMMENDATIONS
The prevalence of M. tuberculosis infection and active TB disease varies for different segments of the U.S. population; however, the risk for M. tuberculosis infection in the overall U.S. population is low. The primary strategy for controlling TB in the United States is to minimize the risk for transmission by the early identification and treatment of patients who have active infectious TB. The second most important strategy is the identification of persons who have latent M. tuberculosis infection and, if indicated, the use of preventive therapy with isoniazid to prevent the latent infection from progressing to active TB disease. Rifampin is used for preventive therapy for persons who are infected with isoniazid-resistant strains of M. tuberculosis. The use of BCG vaccine has been limited because a) its effectiveness in preventing infectious forms of TB has been uncertain and b) the reactivity to tuberculin that occurs after vaccination interferes with the management of persons who are possibly infected with M. tuberculosis. The use of BCG vaccination as a TB prevention strategy is reserved for selected persons who meet specific criteria.
BCG Vaccination for Prevention and Control of TB Among Children
A diagnosis of TB in a child is a sentinel event, representing recent transmission of M. tuberculosis within the community. For example, in one study, almost all the children infected with M. tuberculosis had acquired infection from infected adults; many of these adults had resided in the same household as the child to whom they had transmitted infection (82 ) . These findings underscore the importance of rapidly reporting TB cases to the public health department and of promptly initiating a thorough contact investigation to identify children at risk for TB infection and disease. The severity of active TB disease during childhood warrants special efforts to protect children, particularly those <5 years of age, from infection with M. tuberculosis. Children are protected primarily by the implementation of the first strategy of TB control, which is to interrupt transmission by promptly identifying and treating persons who have infectious TB. In adults, patient nonadherence to prescribed TB treatment can lead to prolonged infectiousness and increased transmission of M. tuberculosis. Directly observed therapy (DOT) is one method of ensuring adherence, and this practice should be considered for all adult TB patients. When an infectious adult fails to cooperate with anti-TB therapy, the health department should consider removing any child or children from contact with the adult until the patient is no longer infectious. Unless specifically contraindicated, preventive therapy should be administered to all tuberculin-positive children, even if the date of skin-test conversion or the source of M. tuberculosis infection cannot be exactly determined.
Recommendations for BCG Vaccination Among Children
BCG vaccination should be considered for an infant or child who has a negative tuberculin skin-test result if the following circumstances are present:
• the child is exposed continually to an untreated or ineffectively treated patient who has infectious pulmonary TB, and the child cannot be separated from the presence of the infectious patient or given long-term primary preventive therapy; or
• the child is exposed continually to a patient who has infectious pulmonary TB caused by M. tuberculosis strains resistant to isoniazid and rifampin, and the child cannot be separated from the presence of the infectious patient.
BCG vaccination is not recommended for children infected with HIV (see BCG Vaccination for Prevention and Control of TB Among HIV-Infected Persons).
BCG Vaccination for Prevention and Control of TB Among HCWs in Settings Associated With High Risk for M. tuberculosis Transmission
In some geographic areas of the United States, the likelihood for transmission of M. tuberculosis in health-care facilities is high because of a high incidence of TB in the patient population. Even in these areas, >90% of TB patients are infected with M. tuberculosis strains that are susceptible to isoniazid or rifampin. In the absence of adequate infection-control practices, untreated or partially treated patients who have active TB disease can potentially transmit M. tuberculosis to HCWs, patients, volunteers, and visitors in the health-care facility.
The preferred strategies for the prevention and control of TB in health-care facilities are to use a) comprehensive infection-control measures to reduce the risk for M. tuberculosis transmission, including the prompt identification, isolation, and treatment of persons who have active TB disease; b) tuberculin skin testing to identify HCWs who become newly infected with M. tuberculosis; and c) if indicated, therapy with izoniazid or rifampin to prevent active TB disease in HCWs (26 ) A few geographic areas of the United States are associated with both an increased risk for M. tuberculosis transmission in health-care facilities and a high percentage of TB patients who are infected with, and who can potentially transmit, M. tuberculosis strains resistant to both isoniazid and rifampin. In such health-care facilities, comprehensive application of TB infection-control practices should be the primary strategy used to protect HCWs and others in the health-care facility from infection with M. tuberculosis. BCG vaccination of HCWs should not be used as a primary strategy for two reasons. First, the protective efficacy of the vaccine in HCWs is uncertain. Second, even if BCG vaccination is effective in an individual HCW, other persons in the healthcare facility (e.g., patients, visitors, and other HCWs) are not protected against possible exposure to and infection with drug-resistant strains of M. tuberculosis.
Recommendations for BCG Vaccination Among HCWs in High-Risk Settings
• BCG vaccination of HCWs should be considered on an individual basis in settings in which a) a high percentage of TB patients are infected with M. tuberculosis strains resistant to both isoniazid and rifampin, b) transmission of such drugresistant M. tuberculosis strains to HCWs and subsequent infection are likely, and c) comprehensive TB infection-control precautions have been implemented and have not been successful. Vaccination with BCG should not be required for employment or for assignment of HCWs in specific work areas.
• HCWs considered for BCG vaccination should be counseled regarding the risks and benefits associated with both BCG vaccination and TB preventive therapy. They should be informed about a) the variable data regarding the efficacy of BCG vaccination, b) the interference with diagnosing a newly acquired M. tuberculosis infection in a BCG-vaccinated person, and c) the possible serious complications of BCG vaccine in immunocompromised persons, especially those infected with HIV. They also should be informed concerning a) the lack of data regarding the efficacy of preventive therapy for M. tuberculosis infections caused by strains resistant to isoniazid and rifampin and b) the risks for drug toxicity associated with multidrug preventive-therapy regimens.
BCG vaccination is not recommended for HCWs who are infected with HIV or are otherwise immunocompromised. In settings in which the risk for transmission of M. tuberculosis strains resistant to both isoniazid and rifampin is high, employees and volunteers who are infected with HIV or are otherwise immunocompromised should be fully informed about this risk and about the even greater risk associated with immunosuppression and the development of active TB disease. At the request of an immunocompromised HCW, employers should offer, but not compel, a work assignment in which the HCW would have the lowest possible risk for infection with M. tuberculosis (26 ) .
BCG Vaccination for Prevention and Control of TB Among HCWs in Settings Associated With Low Risk for M. tuberculosis Transmission
In most geographic areas of the United States, if adequate infection-control practices are maintained, the risk for M. tuberculosis transmission in health-care facilities is low. Furthermore, in such facilities, the incidence of disease caused by M. tuberculosis strains resistant to both isoniazid and rifampin is low.
Recommendation for BCG Vaccination Among HCWs in Low-Risk Settings
BCG vaccination is not recommended for HCWs in settings in which the risk for M. tuberculosis transmission is low.
BCG Vaccination for Prevention and Control of TB Among HIV-Infected Persons
Studies have been conducted outside the United States to determine the safety of BCG vaccination in HIV-infected children and adults (see Vaccine Safety); the results of these studies were inconsistent (51) (52) (53) (54) (55) (56) 80 ) . Studies to examine the safety of BCG for HIV-infected persons in the United States have not been conducted. In addition, the protective efficacy of BCG vaccination in HIV-infected persons is unknown. Therefore, the use of BCG vaccine in HIV-infected persons is not recommended. TB preventive therapy should be administered, unless contraindicated, to HIVinfected persons who might be coinfected with M. tuberculosis. In Uganda, the preliminary results of a study indicate that preventive therapy with isoniazid in HIVinfected persons was associated with few side effects and a 61% reduction in the risk for active TB disease (after a median length of follow-up of 351 days) (83 ) . In Haiti, isoniazid prophylaxis reduced the risk for active TB disease by 83% among persons coinfected with M. tuberculosis and HIV; the results of this study also indicated possible additional benefits of reductions in other HIV-related conditions among those persons given preventive therapy with isoniazid (84 ).
Recommendation for BCG Vaccination Among HIV-Infected Persons
BCG vaccination is not recommended for HIV-infected children or adults in the United States.
CONTRAINDICATIONS
Until the risks and benefits of BCG vaccination in immunocompromised populations are clearly defined, BCG vaccination should not be administered to persons a) whose immunologic responses are impaired because of HIV infection, congenital immunodeficiency, leukemia, lymphoma, or generalized malignancy or b) whose immunologic responses have been suppressed by steroids, alkylating agents, antimetabolites, or radiation.
BCG VACCINATION DURING PREGNANCY
Although no harmful effects to the fetus have been associated with BCG vaccine, its use is not recommended during pregnancy.
IMPLEMENTATION OF BCG VACCINATION
In the United States, the use of BCG vaccination is rarely indicated. Before a decision to vaccinate a person is made, the following factors should be considered: a) the variable protective efficacy of BCG vaccine, especially in adults; b) the difficulty of interpreting tuberculin skin-test results after BCG vaccination; c) the possible risks for exposure of immunocompromised persons to the vaccine; and d) the possibility that other public health or infection-control measures known to be effective in the prevention and control of TB might not be implemented. Physicians who are considering BCG vaccination for their patients are encouraged to discuss this intervention with personnel in the TB control programs in their area. To obtain additional consultation and technical information, contact CDC's Division of Tuberculosis Elimination; telephone (404) 639-8120.
Vaccine Availability
The Tice strain, available from Organon, Inc., West Orange, New Jersey, is the only BCG vaccine licensed in the United States. The Food and Drug Administration is considering the licensure of a BCG vaccine produced by Connaught Laboratories, Inc.
Other BCG preparations are available for treatment of bladder cancer; these preparations are not intended for use as vaccines.
Vaccine Dose, Administration, and Follow-up BCG vaccination is reserved for persons who have a reaction of <5 mm induration after skin testing with 5 TU of PPD tuberculin. The Tice strain of BCG is administered percutaneously; 0.3 mL of the reconstituted vaccine is usually placed on the skin in the lower deltoid area (i.e., the upper arm) (85 ) and delivered through a multiple-puncture disc. Infants <30 days of age should receive one half the usual dose, prepared by increasing the amount of diluent added to the lyophilized vaccine. If the indications for vaccination persist, these children should receive a full dose of the vaccine after they are 1 year of age if they have an induration of <5 mm when tested with 5 TU of PPD tuberculin. Freeze-dried vaccine should be reconstituted, protected from exposure to light, refrigerated when not in use, and used within 8 hours of reconstitution.
Normal reactions to the vaccine are characterized by the formation of a bluish-red pustule within 2-3 weeks after vaccination. After approximately 6 weeks, the pustule ulcerates, forming a lesion approximately 5 mm in diameter. Draining lesions resulting from vaccination should be kept clean and bandaged. Scabs form and heal usually within 3 months after vaccination. BCG vaccination generally results in a permanent scar at the puncture site. Accelerated responses to the vaccine might occur in persons infected previously with M. tuberculosis. Hypertrophic scars occur in an estimated 28%-33% of vaccinated persons, and keloid scars occur in approximately 2%-4% (86, 87 ) . Tuberculin reactivity develops 6-12 weeks after vaccination.
Tuberculin reactivity resulting from BCG vaccination should be documented. A vaccinated person should be tuberculin skin tested 3 months after BCG administration, and the test results, in millimeters of induration, should be recorded in the person's medical records. Vaccinated persons whose skin-test results are negative (i.e., <5 mm of induration) and who are enrolled in ongoing periodic skin-testing programs (e.g., HCWs) should continue to be included in ongoing testing programs if their skin-test results are <5 mm induration. Those vaccinees who have positive tuberculin skin-test reactions (≥5 mm of induration) after vaccination should not be retested except after exposure to a case of infectious TB; an increase in induration (i.e., ≥10 mm increase for persons <35 years of age and ≥15 mm increase for persons ≥35 years of age) from a previous to the current skin test may indicate a newly acquired M. tuberculosis infection (see Tuberculin Skin Testing and Interpretation of Results After BCG Vaccination).
SURVEILLANCE
All suspected adverse reactions to BCG vaccination (Table 1) should be reported to the manufacturer and to the Vaccine Adverse Event Reporting System (VAERS); telephone (800) 822-7967. These reactions occasionally could occur >1 year after vaccination.
